Abstract: Malnutrition and mental health problems are both prevalent among rural students in China. To provide a better understanding of the functional linkage between these two problems, this study estimates the causal effect of improved nutrition on rural students' mental health status, exploiting a randomized controlled trial involving nearly 6,000 fourth and fifth graders in rural Northwestern China. Estimation results show that a nutrition subsidy provided by the project significantly improved students' mental health status (measured by their anxiety scale). However, an add-on incentive provided to school principals, which was tied to improvements in students' physical health, almost entirely offset the beneficial impact of the nutrition subsidy. These findings suggest that to improve rural Chinese students' mental health, not only direct subsidies, such as low-priced school meals, but also correct incentives, especially those tied closely to students' mental health outcomes, should be provided.
Introduction
While China is making great strides toward achieving universal basic education (Kai-Yuen, 1997; Yue et al., 2018) , 1 health problems among its rural students have emerged as a serious concern in the recent decade. Physical health problems, such as anemia and cardiometabolic risk, are found to be prevalent in rural schools in China (e.g. Luo et al. 2010; Luo et al. 2011; Wang et al. 2015) . Risks of mental health problems, especially depression and anxiety, are also high among rural Chinese students (Hesketh et al. 2002; Cheng and Sun, 2015; Guo et al. 2015) . These health problems, no doubt, seriously undermine rural children's current well-being. Worse yet, the important role child health plays in the formation of one's human capital (e.g. Currie, 2009; Glewwe and Miguel, 2008) predicts that these health problems may substantially lower rural children's future socio-economic attainment when they become the backbone of China's labor force.
Early discussions in China mostly revolved around physical health problems among rural Chinese students. Yet, triggered by a series of devastating suicide incidents stemmed from mental health issues (Hesketh et al. 2002) , increasingly more attention has been paid to rural students' mental health problems. The Chinese government is currently devoting considerable efforts to reducing mental health problems at all levels of schooling (Hesketh et al. 2002; Zhang et al. 2013 ). Meanwhile, concerns over mental health problems among rural Chinese students have motivated numerous studies that aim to identify the major causes of these problems. A long list of causes have been identified, including (1) physical factors, e.g. sleep disorder and lack of physical activity (Shen et al. 2015; Wu et al. 2015) ; (2) family environment, e.g. family function, parental absence and neglect, and sibship size (Zhao et al. 2014; Guo et al. 2015; Li et al. 2015) ; (3) social pressure, e.g. (relative) academic performance at school, being minorities, and being leftbehind (Zhao et al. 2014) ; (4) personal feelings, e.g. perception of low quality of life and lack of social support (Zhao et al. 2014; Shen et al. 2015) ; (5) combinations of the aforementioned factors.
Somewhat surprisingly, however, little attention has been paid to the role (mal)nutrition plays in determining rural Chinese children's mental health outcomes. The statistically strong nutrition−mental health linkages found in many other contexts (e.g. Bodnar and Wisner, 2005; Rao et al. 2008) , along with the prevalence of child malnutrition -one out of ten children under five − in rural China (Liang, 2013) , 2 suggest that malnutrition may be a culprit of rural Chinese children's poor mental health. While there has been ample evidence that improved nutrition significantly reduces physical health problems such as anemia among rural children in China (e.g. Luo et al. 2012; Zhang et al. 2013) , few have examined whether it also helps to reduce their mental health problems.
To fill this gap, this study estimates the causal effect of improved nutrition on rural Chinese children's anxiety scale, a major aspect of their overall mental health, exploiting a randomized controlled trial (RCT) involving nearly 6,000 fourth and fifth graders in rural Northwestern China. In the RCT, 57 project schools located in Qinghai Province and Ningxia Autonomous Region were randomly assigned into two treatment groups 2 It is estimated that as many as 12.7 million children are stunted (i.e. having low height-for-age compared to the height distribution of a healthy child population) in rural China (Liang, 2013) .
(each with 15 schools) and one control group (with 27 schools). Each school in the first treatment group received a pure nutrition subsidy; students received project benefits in the form of food purchased with this subsidy. Schools in the second treatment group received the same nutrition subsidy. In addition, a monetary incentive tied to improvements in students' physical health -the amount of which is determined by the size of reduction in the incidence of anemia over the intervention period − was provided to school principals. The incentive component provides an opportunity to assess whether the impact of direct nutrition subsidy will be affected by incentive and behavioral factors, especially when the incentive is not directly tied to students' mental health outcomes.
Serving as the control group, the remaining 27 schools received no benefit from the project.
Estimation results show that the pure nutrition subsidy significantly improved treated students' mental health status, measured by their scores on a Mental Health Test that has been widely used in the literature. Further explorations reveal that the pure nutrition subsidy significantly lowered rural students' scores on seven out of eight dimensions of the anxiety scale (i.e. study anxiety, social anxiety, self-punishment, physical anxiety symptoms, sensitivity, fear and impulsiveness), at least at the 10% level; the only exception is the loneliness dimension. Interestingly, the add-on incentive component provided to school principals in the second treatment group acts to offset the beneficial impact of the nutrition subsidy. It seems that the monetary incentive tied to students' physical health distracted school principals' attention from their students' mental health.
School principals may have even reallocated part of the nutrition subsidy to finance anemia-reduction activities, since they will receive monetary rewards if the incidence of anemia is lowered among their students. These findings suggest that to improve rural Chinese students' mental health, not only direct subsidies, such as low-priced school meals, but also correct incentives, especially those tied closely to students' mental health outcomes, should be provided.
The rest of this paper is structured as follows. The next section describes the study area, the experiment and data generated from the experiment. Section 3 develops an empirical framework for estimating the impact of nutrition subsidy on students' mental health, as well as its potential working channels. Section 4 presents and discusses our findings. The final section draws conclusions and drives a number of policy implications.
Data

Study area
The RCT project was implemented in ten counties in Qinghai Province and mainly due to their disadvantaged geographic locations and natural conditions. As with other underdeveloped western regions in China, child malnutrition is prevalent in these two provinces. Our survey of 57 primary schools in the ten project counties indicates that 29% of fourth and fifth graders are stunted (i.e. having low height-for-age z score compared to the height distribution of a healthy child population).
3 Mental health problems are also prevalent. Our survey indicates that more than half of (57%) the students involved in the project have anxiety issues.
[ Figure 1 about here]
Sampling
Our project targeted fourth and fifth graders in primary schools in rural Qinghai and Ningxia. Using an income-stratified sampling method, 31 townships from each province were randomly selected based on their per capita gross value of industrial output. 4 In each selected township, only schools that offer fourth and fifth grade classes and have more than 400 enrolled students were selected, which yields a sample of 57 schools. A total of 6,044 fourth and fifth graders attending these schools were then randomly chosen to participate in the project.
Of the 6,044 sampled students involved in the baseline survey conducted in October, 2009, we managed to trace 5,810 (96.1%) students (2,878 in the treatment group and 2,932 in the control group) in the follow-up survey conducted in May, 2010 ( Figure   2 ). Documenting reasons for sample attrition (3.9%), we discovered that some students had transferred to another school before the follow-up survey, usually moving to an urban area with their parents. Some other students were absent on the follow-up survey day due to sickness or other unexpected incidents.
[ Figure 2 about here]
Intervention
After the baseline survey (October 2009), the research team randomly assigned the 57 project schools into three groups: a control group (27 schools) and two treatment groups (each with 15 schools). To examine whether group assignments were done properly, Table A1 presents summary statistics of a number of baseline characteristics separately for the control group (column 1) and the two treatment groups (columns 2-3).
The table clearly shows that most of these characteristics are well-balanced across groups, with only minor differences due to sampling errors, which lends empirical support to the validity of our randomization plan.
The 30 subsidy. The monetary equivalent of the total amount of nutrition subsidy provided to each school was 1.5 Yuan/day/student ×150 days × the total number of fourth and fifth graders enrolled. The subsidy was deposited in the account of each project school in the first treatment group and would be spent on food provided to students. Students in this group received the benefits in the form of food (purchased with the subsidy). The second treatment arm consists of a nutrition subsidy (the same as the first treatment arm) and a monetary incentive provided to school principals, the amount of which is tied to improvements in students' physical health. More specifically, a 150-Yuan/student salary supplement would be given to school principals for each of their students whose status changed from anemic to non-anemic over the course of the intervention. The control group received no project benefits during the entire study period.
Baseline and follow-up surveys
Given the focus of our study on the impact of nutrition on mental health (anxiety), a Mental Health Test (MHT) was administered to project students, during both the baseline and follow-up surveys. The MHT is an updated version of the General Anxiety
Test developed by Kiyoshi Suzuki in Japan (Reynolds, 1980; 1985) , modified by
Professor Bucheng Zhou at Eastern China Normal University to fit the Chinese context (Zhou, 1991) . These tests are variations of the Children's Manifest Anxiety Scale (Reynolds and Richmond, 1994) , an internationally standardized test for child anxiety that has long been used in both developed and developing countries (e.g. Paget and Reynolds,1984; Reynolds and Richmond, 2005; Deng et al. 2002; Zhang et al. 2013 ).
The MHT consists of 100 "yes or no" questions. Ten questions were used to test the reliability of test-takers' responses; the other 90 questions were used to assess eight different dimensions of child anxiety, namely, study anxiety, social anxiety, loneliness, self-punishment, sensitivity, physical anxiety symptoms, fear, and impulsiveness. Each question is worth one point: the lower the score the better a student's mental health (anxiety) status is. 5 A score greater than 8 on any dimension is considered to be clinically high and indicates a need for treatment. To understand further the channels through which improved nutrition may affect students' mental health, we estimate the impacts of nutrition interventions on both the total MHT score and separate scores on the eight dimensions in the analysis.
The baseline and the follow-up surveys also collected background information of sample students on the following aspects: (1) sample students' personal characteristics, as well as their diet and living conditions; (2) sample students' anthropomorphic measures provided by professional nurses; (3) family characteristics provided by students' parents; 6 (4) basic teacher characteristics, such as educational background and teaching experience, provided by fourth-and fifth-grade teachers and school principals; (5) information on school facilities provided by school principals. Table 1 (Panels A and B) presents summary statistics of the variables used in the empirical analysis. Table 1A concerns the outcome variables of interest: the total MHT score and separate scores on the eight dimensions of the MHT. At first glance, the average score of the total MHT, 40.6, does not seem to suggest any serious problem among sample students. However, displaying scores on the eight separate dimensions reveals some serious problems. Most strikingly, almost half (49.2%) of all students have study-anxiety problems, yielding an average score of 8.38 on the study-anxiety dimension. Also serious is the problem of physical anxiety symptoms. Nearly one fifth 6 The information was solicited from sampled students' parents through a questionnaire that students brought home. Some students failed to forward their questionnaires and some parents did not answer the questionnaires, which resulted in 7% missing questionnaires. For students whose parents are illiterate, the questionnaires were filled in by the students themselves, according to their parents' dictation.
Sample characteristics
(18.1%) of the students suffer from this problem. There are also non-trivial proportions of students having self-punishment and fear problems, both accounting for 7.31% of all students. Table 1B reports summary statistics of sample students' personal and family background characteristics. The most unique feature is the high proportion (64%) of ethnic-minority students in the sample, which reflects the fact that the two project provinces contain a large number of ethnic-minority autonomous cities and counties. The distributions of most other characteristics reflect typical features of northwestern provinces of China, such as a relatively low level of parental education. Specifically, the father and the mother of an average student in our sample completed, respectively, 6.68 and 4.42 years of education. These figures are quite similar to their counterparts (6.58 years of paternal education and 4.12 years of maternal education) found in rural areas of Gansu province, the neighboring province of both Qinghai and Ningxia (Chen, 2017) .
[ Table 1A about here]
[ Table 1B about here]
Empirical Method
Given our RCT design, the impacts of nutrition interventions can be estimated by applying ordinary least-squares (OLS) to data collected during the follow-up survey:
where the outcome variable, MHTevalj, is the j th mental health outcome observed in the evaluation period (May, 2010) − i.e. MHTeval0 refers to the total MHT score and MHTevalj, j = 1,…, 8, refers to the score of one of the eight dimensions of anxiety scale; Arm1 and Arm2 indicate, respectively, a student's treatment status, with Armk = 1, k = 1, 2, indicating that a student was treated by the k th treatment arm and Armk= 0 otherwise. If the randomization was done perfectly, coefficients β1j and β2j capture the causal effects of the two treatment arms (i.e. "nutrition subsidy" and "nutrition subsidy + monetary incentive") on the j th outcome.
However, since the randomization was done at the school level, given the finite number of project schools, even if the group assignments of project schools were indeed random, some characteristics may still not be perfectly balanced between the treatment and control groups. To address this issue, at least partially, we include a set of baseline characteristics (X) in the model to help absorb undesired treatment-control differences:
where the baseline characteristics (X) added to the model include a set of student characteristics, such as gender, age and ethnicity, and a set of household characteristics, such as parental education and migrant status, etc. The inclusion of these baseline characteristics allows us to assess the robustness of estimation results -if randomization was done properly, then the estimates of the βs should be similar with and without these characteristics. The inclusion of these characteristics can also help improve the precision of the estimates.
Also included is the mental health outcome observed in the baseline period (October, 2009), MHTbasej. By including MHTbasej in the model, Equation (2) is in the essence of a difference-in-differences (DID) model: MHTevalj -MHTbasej = αj + β1jArm1 + β2jArm2 + X'πj + εj. The key difference is that while the DID model implicitly restricts the parameter γj to be 1, Equation (2) does not impose such a restriction, allowing for more flexibility in parameter estimation.
Finally, note that for each sample student, all the outcomes of interest are reflecting some aspects of this student's mental health. Thus, the error terms Note that because the total MHT score is the sum of scores on the eight separate dimensions, we do not include the equation for it in the SUR system (3) to avoid having a singular variance matrix (Wooldridge, 2002, p.167) . Interestingly, the impact of the second treatment arm (i.e. nutrition subsidy + monetary incentive tied to students' physical health) is not statistically significant. The monetary incentive seems to offset most of the impact of the nutrition subsidy. It is likely that the monetary incentive tied to students' physical health (i.e. anemia) distracted school principals' attention from their mental health. School principals may have even reallocated part of the nutrition subsidy to finance anemia-reduction activities, since they will receive monetary rewards if the incidence of anemia is cut among their students.
Results
Effects of nutrition interventions on overall mental health
Although we do not have direct evidence of this source-reallocation behavior, the findings of Miller et al. (2012) that financial incentives tied to anemia reduction are more effective than pure nutrition subsidies in reducing anemia among rural Chinese students suggest that such a source-reallocation behavior is quite probable.
Column (2) adds a set of baseline characteristics to the model, including students'
MHT scores recorded at the baseline and the set of personal and family characteristics reported in Table 1B . The estimated impacts of the treatments are similar to those reported in column (1). The nutrition-subsidy treatment arm led to a 0.8-SD reduction in students total MHT scores, which is again statistically significant. In contrast, the impact of the "nutrition + incentive" treatment arm is again insignificant.
The estimated impacts of other explanatory variables make intuitive sense, and are in general consistent with findings of previous studies, which suggests that the nutrition impact found above is not driven by the pecularity of our data. Note first that mother's education, but not father's, helps greatly to lower a student's anxiety scale. A one-year increase in mother's schooling is associated with a 0.03-SD decline in one's MHT score. Thus, other things being equal, students of primary school-educated mothers will have a MHT score that is almost 0.2 SDs lower than those of illiteratre mothers − a sizable impact. The finding that mother's schooling has a larger impact than father's schooling on children's human capital outcomes has been repeatedly documented in the development literature (e.g. Behrman and Knowles, 1999) , which triggered a number of studies that aim to discover the channels through which mother's education affects children's human capital outcomes (e.g. Glewwe, 1999; Schultz, 2002) . To the extent that anxiety is highly correlated with school performance (e.g. Seipp, 1991) , our finding here suggests a previously overlooked channel -that mother's education improves children's human capital outcomes through improving their mental health.
Secondly, sibship size has a detrimental impact on children's mental healthhaving one more sibling increases one's total MHT score by 0.03 SDs, which echoes the finding of Zhao et al. (2014) . The potentially harmful sibship-size impact is likely to be driven by the effect of resource dilusion (Blake, 1981; 1989) or the trade-off between child quanty and quality (Becker and Lewis, 1973; Becker, 1981) faced by rural parents when making investments in their children's health capital.
Finally, there is a significant gender gap in mental health. Girls are much more likely to suffer from anxiety than boys. Since it is difficult to imgaine how gender may affect child anxiety biologically, the cause may lie in the different roles boys and girls play within the family. For example, traditional son-preference may induce rural parents to invest more in boys' mental health than girl's, leading to a significant pro-boy gender gap in child anxiety. In addition, compared to boys, girls are more likely to be called upon for hosuehold responsibilities such as household chores, which gives them more things to worry about (Hannum et al. 2009 ).
[ Table 2 about here]
Potential channels
To gain a deeper understanding of the potential channels through which improved nutrition reduces child anxiety, we further estimate the impacts of nutrition subsidies on the eight different dimensions of the MHT by SUR. Results reported in Table 3 suggest that the pure nutrition subsidy (the first treatment arm) significantly lowered students' scores on seven out of eight dimensions, at least at the 10% level, the only exception being the loneliness dimension. The impacts on the seven dimensions are also similar in size -it lowered the study-anxiety score by 0.09 SDs (p < 0.01), social-anxiety by 0.06 SDs (p < 0.1), self-punishment by 0.07 SDs (p < 0.05), sensitivity by 0.06 SDs (p < 0.1), physical anxiety symptoms by 0.12 SDs (p < 0.01), fear by 0.06 SDs (p < 0.05), and impulsiveness by 0.10 SDs (p < 0.01). In contrast, the impacts of the second treatment arm (i.e. nutrition + incentive) are less pronounced. It only significantly lowered students' scores on three dimensions (study anxiety, self-punishment, and physical symptoms) out of eight and it even slightly increased students' scores on three other dimensions (social anxiety, loneliness and fear). These findings suggest that while improved nutrition helps improve students' mental health in nearly all dimensions (at least those captured by the MHT), monetary incentives not directly tied to their mental health may distract school managers' attention from it, whereby undermining potential beneficial impacts of nutrition subsidies.
The estimated impacts of other variables are in general in line with their counterparts reported in Table 2 .
[ Table 3 about here]
Heterogenous effects
Another way to examine potential channels through which improved nutrition takes effect is to see how its impact varies across different subgroups. Table 4 reports the main findings of this investigation. Columns (1)-(2) reveal a large gender difference. While the nutrition subsidy significantly lowered boys' total MHT scores (by 0.19 SDs), its impact on girls' scores is slightly positive (and statistically insignificant). This finding is somewhat surprising given that girls on average have poorer mental health outcomes to start with (Tables 2-3 ). Since it is unlikely that schools practice gender discrimination in the allocation of nutrition subsidies, the heterogenous impacts across gender groups found here may be due to biological gender differences.
Columns (3)-(4) concern the role of sibship size. Since the average number of siblings in our sample is 2.3, we split the sample at the sibship size of two. The nutrition subsidy is found to lower total MHT scores for both groups, but its impact is statistically significant only for students with more than two siblings. Since sibship size is positively associated with student's total MHT scores (Tables 2-3) , the findings here suggest that the nutrition subsidy serves to offset part of the (potentially harmful) sibship-size effect.
Columns (5)- (6) examine on the role of maternal education. The results suggest that the nutrition subsidy has a larger impact for children of educated mothers than those of illiterate mothers. To the extent that a higher level of maternal education helps reduce children's MHT scores (Tables 2-3) , the nutrition subsidy acts as a complement to maternal education in forming children's mental health capital. This finding echoes the Schultz's (2002) proposal for boosting female education in developing countries, as it can enhance the impact of development interventions.
Finally, columns (7)- (8) investigate how school environment may alter the impact of nutrition subsidies, by splitting the sample according to students' boarding status. The results indicate that the nutrition-subsidy effect is larger for boarding students, which is understandable because schools can supervise boarding students more closely to ensure that they consume the subsidized food as planned. Although somewhat smaller, the impact on non-boarding students is also statistically significant.
Simply put, while results discussed in section 4.2 suggest that the nutrition subsidy has similar impacts on individual dimensions of child anxiety scale, those discussed in this section suggest that its impacts may vary across different subgroups of students.
Thus, to enhance the effectiveness of nutrition subsidies, interventions may need to accurately target specific subgroups of potential beneficiaries.
[ Table 4 about here]
Concluding Remarks
Despite the great progress China has made in developing a modern education system, health problems among children at school remain a serious concern, especially in poor rural areas. Given the concurrent prevalence of malnutrition and mental health problems among rural Chinese students, this study seeks to provide a deeper understanding of the functional linkage between these two problems, by identifying the causal impact of improved nutrition on children's mental health. Exploiting a randomized controlled trial involving 57 primary schools in rural Northwestern China, our analysis yields a number of important findings.
First, a pure nutrition subsidy provided by the project significantly improved students' mental health status, by reducing problems in nearly all eight dimensions of child anxiety scale (study anxiety, social anxiety, loneliness, self-punishment, sensitivity, physical anxiety symptoms, fear and impulsiveness, with loneliness being the exception).
However, heterogenous impacts were found across different subgroups, suggesting that to be effective future nutrition interventions may need to accurately target specific subgroups of potential beneficiaries.
Second, the impact of nutrition subsidies may be undermined if there are incentives not closely tied to students' mental health. Our experiment discovered that an add-on incentive component tied to potential improvements in students' physical health acted to distract school principals' attention from students' mental health, whereby offsetting the beneficial impact of the nutrition subsidy. These findings suggest that to improve rural students' mental health, not only direct subsidies but also correct incentives, especially those tied closely to students' mental health outcomes, should be provided.
A more general implication is that to help build up a solid stock of human capital for the backbone of China's future labor force, Ministries of Agriculture, Education and Health need to collaborate more closely in order to provide more-effective interventions.
While complementary interventions may work together to yield better human capital outcomes, careful design is needed to ensure that incentives to improve certain outcomes (e.g. physical health outcomes) do not reduce incentives to improve other outcomes (e.g. mental health outcomes). 
